Abstract
Introduction
There is an increasing concern over the presence of solid wastes in the environment. They could be originated from the domestic, agricultural and other industrial sectors. Some of which could be naturally degraded (e.g., food and plant-based wastes), while some may require special disposal methods (e.g., sludge, clinical wastes, etc.) [1] .
There are several studies on the utilization of solid by-products from the industries [2] [3] . In the water treatment plant for example, the solid residue namely sludge has been tested for possible applications as fertilizer [4] , adsorbent [5] and concrete blend [6] . However, failure to understand the intrinsic properties of the precursor and its derived products somewhat inhibit the direction for broad applications of the solid waste [7] .
Synthesis of mesoporous material has become a subject of considerable interest over the last ten years [8] . Mesoporous material is mainly used as catalyst support for accelerating a reaction, and adsorbent to capture medium molecular size pollutants, owing to its large pore volume per unit mass of the material [9] [10] . However, to prepare a highly mesoporous adsorbent is a challenging task and may require large amount of chemical agent [11] .
This work attempts to convert two local solid wastes, namely sludge of palm oil mill effluent and carbon powder residue into mesoporous material. It aims to offer some insight on their textural characteristics as potential alternative of mesoporous material. The findings are expected to pave the way for wide range of applications through the exploitation of solid wastes.
Materials and methods
The commercial activated carbon (CAC) and zinc chloride were purchased from R&M Chemicals (UK). Sludge of palm oil mill effluent was obtained at the anaerobic pond in the palm oil milling factory, while the carbon powder was obtained from a waste tire processing factory.
The mesoporous materials were prepared by adding the precursors into a separate ZnCl2 solution at a ratio (weight of zinc chloride-to-weight of precursor) of 1.0. The mixtures were stirred and then dried in an oven at 110°C overnight to remove the excess water. After that, the impregnated samples were carbonized in a furnace under limited air at 550°C for 1 h. The resultant materials were washed with distilled water to remove residual zinc chloride. Then they were dried and stored prior to characterization. The treated materials were designated as PS and CP for materials prepared from the sludge of palm oil mill effluent and waste carbon powder, respectively. The textural characteristics of mesoporous materials and commercial activated carbon were determined using surface area analyzer (Micrometrics ASAP2010). Figure 1 shows the profiles of N2 adsorption-desorption isotherm of zinc chloride-treated materials and commercial activated carbon. In general, the commercial activated carbon has a larger pore volume than the two waste-derived materials, indicating a larger specific surface area of the former. According to the IUPAC classification, the commercial activated carbon falls under Type I isotherm [12] . This isotherm exhibits a convex shape with increasing relative pressure where the adsorbed volume becomes constant as the relative pressure approaching unity. It indicates a material with highly microporous (pore width is less than 2nm) textures. Both zinc chloride-treated materials display a common Type II with H3 hysteresis loop of the desorption branch. The Type II isotherm indicates a material with mesoporous (pore width between 2 and 50 nm) or macroporous (pore width greater than 50 nm) textures, while the H3 hysteresis loop suggests that the material possesses slitshaped pores [12] . Figure 1 . N2 adsorption-desorption isotherm (filled symbols denote desorption isotherm). Table 1 summarizes the textural characteristics of the materials studied. The commercial activated carbon shows a nearly ten-fold higher specific surface area than the waste-derived mesoporous materials. However, the commercial activated carbon is highly microporous (76%) with the average pore width centered at 1.98 nm. On the other hand, the zinc chloride-treated waste materials are highly mesoporous. PS shows a 100% mesoporosity, while 91% mesoporosity was recorded for CP. Both waste-exploited materials possess a slightly greater mesopore volume (PS: 0.142 cm 3 /g; CP: 0.123 cm 3 /g) than the commercial activated carbon (0.108 cm 3 /g). The average pore widths of PS and CP are 7.2 and 5.1 nm, respectively, all are within the mesopore regime. Figure 2 shows the mesopore size distribution of the materials studied. At the mesopore regime, the commercial activated carbon displays a unimodal distribution with a peak centered at the pore diameter between 2 and 5 nm. Large of the pore volume fraction is distributed at the micropore regime. Both waste-derived mesoporous materials exhibit a similar bimodal mesopore size distribution with peaks centered at 2-5 nm (PS: 23%; CP: 24%) and 21-50 nm (PS: 37%; CP: 36%). Such unique mesopore size distribution would be useful to capture medium molecular size pollutants such as dyes (methylene blue: 1.63 nm × 0.79 nm × 0.4 nm; orange G: 1.56 nm × 1.01 nm × 0.54 nm; etc.). Theoretically, these pollutants would not be able to lodge on the narrow micropore channels due to their effective molecular size larger than the pore diameter. It was also reported that the mesopore channels could enhance the affinity (attractiveness) of copper(II) to the surface of adsorbent [13] .
Results and discussion
The results demonstrate that the mesoporous material could be prepared by treating the local waste products with zinc chloride. The resultant materials are highly mesoporous, and exhibit comparable mesopore volume with the mesoporous materials found in the literature [10 and references therein]. Such textural characteristics are generally recommended for possible applications as catalyst support and adsorbent [9] [10] . Nevertheless, further work would be required to evaluate the effectiveness of the waste-derived mesoporous materials for specific applications.
Conclusion
Highly mesoporous materials were prepared from the local waste products, namely sludge of palm oil mill effluent and waste carbon powder. Both treated materials possess average pore width within the lower limit of mesopore regime, and having the mesopore volume comparable with commercial activated carbon and other mesoporous materials. The study offers some insight on the possibility of converting the solid wastes into mesoporous materials for potential utilization as adsorbent and catalyst support. Yet, further investigation would be recommended to establish the effectiveness of the derived mesoporous materials for specific applications.
